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PkAHUO/Lisiti  Oi*'  CU^i-i.iC  i!'LxQMT£> 


by  i*rof.  iJr,  Ary  i»zternfeld 


•*■11  the  course  of  the  13  to  19  years  of  the  realization  of 
cosmic  flights  there  have  become  familiar  many  paradoxical  plee- 
nomena,  inconsistent  with  the  experiences  of  everyday  life  which 
are  connected  v/ith  our  ideas  of  the  appearance  of  a force  of 
gravity  of  determinate  magnitude,  ihe  motion  of  artificial 
heavenly  bodies  beyond  the  atmosphere  of  the  earth  is  subject^ 
hov/evei^  to  the  laws  of  mechanics  of  the  heavens,  2;hat  peculiaj^ 
albeit  logically  based  relationships^ prevail  here,  one  can  con* 
Vince  oneself  from  the  follov/ing  several  instances  t examples^ 


came  ac/ross  these  paradoxical  phenomena  of  which  am 
writing  here  during  the  working  out  of  problems  of  cosmic  navi^ 
gation.  ^bout  the  fact  that  there  is  concerned  here,  in  the  face 
of  apparent  contradictoriness,  logically  based  phenomena,  one 
can  convince  himself  after  investigation  of  the  problems  by 
way  of  computations. 


PiiUADoX' 


'■‘•'he  point  of  departure  is  constituted  by  an  artificial  sa- 
tellite of  'the  earth,  v/hich  without  crew  or  people  aboard,  moves 
along  an  elliptic  orbit,  iron  it  there  is  about  to  follov/  the 
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ta^eoft  Of  a roCot.  roC.t  la  about  to 

tho  sphere  of  gravitational  predoi«lnance  of  the  eart  , / 

Ltano.  to  fulfill  asaign..nt^for  research  in  cossic  space. 

ihen  it  is  n'ec/esaar.  to  give  the  rochet  a ^ 

obviously  possible  to  accomplish  this  from  a moving  ”* 

oDViou  Of  Circling  speed,  vdth  the  use  of  lees 

which  already  has  a large  circlx  g P . i,  „ the 

energy  than  in  the  case  of  a taheoff  from  the  surface  of  the 

Sarth,  -burins  such  a teheoff  fro.  the  earth  the  rocket  mo 

ought  to  accomplish  a definite  acceleration 

the  speed  of  fUght.  vurlng  takeoff  from  an  earth- circling 

tellite  to  the  rocket  one  needs  to  confer  only  ah  Increas 

speed  equal  to  the  clfference  betmeen  the  speed  of 

the  speed  Ivelocity)  already  posessed.  Tt  is  neocess 

termlne.however.  at  what  height  above  the  berth  and  thus  a 

nolnt  of  the  elliptlo  orbit  of  the  artificial 

most  advantageous  from  the  energy  point  of  view  to  set  the  roo. 
net  in  motiont  at  the  point  closest  to  the  barth,  the  perigee, 
or  at  the  most  distant  from  it,— the  apogee? 


bincain  agreement  with  bewton-s  law  of  universal  ffavi- 

' . . j a—  j »,4  w-t  s<Vioc-  ap.  t.ne  Sfluaj 


*ince,  in  agreemein. 

nation  the  force  of  the  barth's  gravity  diminiehes  as  he  e,^ 
J __a_  .N.i  +>io  p.-irelin.E  Dooy 


ation  tne  rorce  oi  , . 

,f  the"^  distance , at  the  apogee  there  acts  on  the 

(and  the  rocket)  less  gravity  than  at  ^ 

*at  at  the  apogee  of  the  circling  orbit  the  speed  of  flight  is 
.ess  than  at  the  perigee,  -hen  a person  is  already  located  i 
ihe  attic  of  a building  he  must  exert  loss  effort  to 
himself  onto  the  peak  of  the  roof  than  if  he  had  o lo  e 
the  level  of  the  cellar,  thus  Indeed  one  could  Judge  that  it 
.ill  be  more  advantageous  to  put  the  rocket  motor  into  motion 
at  the  apogee  of  the  orbit  and  not  at  the  least  dxstanoe 
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frow  the  jn^arth.  ’>niis  seems  also  obvious  as  well  as  logical,  but 


\ ^ 


such  an  understanding  is  unfortunately  false#  J>or  one  needs  heij 

fA<jrTM<fT 

to  take  into  consideration  also  the  the  speed  of  motion  of  the 
artificial  satellite  of  the  earth  along  its  elliptic  orbit 


changes  in  a continuous  way  in  accordance  v;ith  kepler's  second 
law*  this  speed  is  least  at  the  apogee— and  greatest  at  the  pe- 
rigee, and  this  is  a result  of  the  force  of  gravitation  that 
changes  with  distance  from  the  center  of  the  earth  (on  the  sec- 
tion of  the  orbit  between  the  apogee  and  the  perigee  the  ciroliog 
body  approaches  the  circled  central  body  and  then  has  a compo- 
nent of  motion  in  the  direction  of  fall,  is  subject  to  an  acce«~ 
leration,  and  on  the  section  between  the  perigee  and  the  apogee 
makes  itself  more  distant— raises  and  therefore  eases  its  motion) 


Although  at  the  perigee  obviously  also,  the  speed  of  flight 
is  greater,  it  appears  that  the  difference  of  the  speeds  (velo- 
cities^  between  the  circling  speed  and  the  speed  of  flight  at 
the  perigee  is  less  than  at  the  apogee,  'i’he  rocket  motor  set  in 
motion  at  the  perigee,  then  consumes  less  propulsive  materials 
in  order  to  attain  the  speed  of  flighty  than  after  being  set  in 
motion  at  the  apogee— the  point  of  least  speed  of  circling  and 
flight.  'I'his  is  not  in  any  way  obvious  and  thus  constitutes  a 
paradox. 


order  to  prove  this^one  needs  to  compute  the  correspon- 
ding relations  for  examples,  het  us  assume^ then, that  the  saTfl-- 
llte,  from  which  the  takeoff  occur^  circles  the  *arth  along  an 
elliptic  path  v/hose  perigee  is  located  at  a distance  of  1/20 


of  the  radius  of  the  planet,  ie  519  km  from  its  surface  (Ch 


v/hile  the  ap^ogee  is  distant  from  it  (surface)  by  two  such  radii 


5 


n,n-  ■ 

i' . 


ie  12756  km/h  , This  is  a demonstrative  example  about  the  orbit 
& 


parameters  encountered  in  actual  cases,  i^recisely  thus  the  Ame- 
rican artificial  satellite  of  the  Aarth  "ATS  2"  ((1967-31A)  senT 
out  on  April  6th,  1967,  had  a perigee  of  178  km,  and  an  apogee 
of  11124  km^ whereas  the "explorer  15"  which  took  off  on  Oct  27, 
1962 I posessed  a perigee  of  313  km  and  an  apogee  of  1764O  km* 


One  needs  nov/  to  compute  how  great^  in  actuality,  is  the 


speed  at  the  apogee  on  the  orbit  selected  as  an  example.  One 


needs  here  to  take  into  consideration  the  so-called  "zero  cir- 


cling velocity"  V ie  the  speed  of  circling  which  a precise 

SO 


body  would  have  above  the  equator  on  a circular  orbit  ((which 
could  not  be  realized  in  actuality,  among  other  things  due  to 


the  resistance  of  the  air).  This  speed  is  v = 7»912  m/s. 

SC 


The  radius  of  the  equator  of  the  *arth  is  equal  to  r^  « 
6378  km.  Oonsequently  the  distance  of  the  perigee  of  the  coir- 
templated  orbit  from  the  center  of  the  Aarth  will  amount  to: 
Tp  « '♦■lip  = 6378  ^31 9 = 6697  km, 
and  the  distance  of  the  apogee* 


r s r ♦ 
a o 


h„  s 6378  ♦ 12756  = 19134  km. 
& 


klence  on^  can  determine  the  size  of  the  large  semi-axis  a 
of  the  elliptic  orbit: 


a = (r„  ♦ r^):2  = (6697  ♦ 19134)^2  = 12917*5  km 

P a 

as  v/ell  as  of  the  small  semi-axis  b: 


b =^“rp*r^  = ^^"6697^19134  ^ = 11320  km 


m 


‘A‘he  circling  speed  of  the  circular  orbit  decreases  with  *the 
distance  froci  the  center  of  the  ii>arth.  At  the  apogee  it  amounts 
tot 

\ “ 1 

« 4568  m/s 


¥ a ▼ »\r  tr 
sp  so^  0 a 


'4 


= 7914  637SM91J4 


^he  actual  circling  speed  on  the  elliptic  orb.lt  is^at  the 
apogee,  however,  less  than  the  speed  v , and  this  is  due  to  the 
eccentricity  of  the  orbit^the  measure  of  which  is  the  differeacfi 
of  the  distances,  apogee  and  perigee,  froir  the  center  of  the 
^arth.t 

r"  ">■  r ' " 

a 528?  m/s 


V a 

sa  sa 


— — 

r ♦ r 
P a 


1,6622 

a 4568  6697  ♦ 19154 


■Vowever  for  the  purpose  of  a complete  extricating  of  ones 
self  to  beyond  the  region  of  the  predominance  of  the  gravitatio- 
nal field  of  the  ^arth  it  is  nec/essary  that  the  object  attain 
a speed  of  flight  v . i'his  so-called  "second  cosmic  speed"  is 
always'^  times  greater  than  the  circular  speed  on  a satellite 
orbit  of  the  Aarth  at  the  sarae  distance  from  its  ^eeirth's)  sur- 
face, or  the  so-called  "first  cosmic  speed".  Shus  the  speed  of 
flight  on  the  circling  orbit  assumed  by  us  v;ill  amount  to* 

6460  m/e 


At  takeoff  from  the  apogee  of  the  circling  orbit  the  rockej 
engine  must  add  to  the  object  a speed  equal  to  ^HB  difference 
of  speeds  between  the  speed  of  flight  from  this  point  and  the 
circling  speed  along  the  satellite  orbit,  and  thus  confer  on  th»4 
object  the  additional  speed* 

-^^a  = \a  " ’^oa* 
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We  are  pursuading  ourselves  now  as  to  what  additional  speed 
the  object  must  attain  during  an  analogous  takeoff  from  the  pe*- 
rigee  of  a circling  (not  neo  circular^  orbit.  We  are  computing 
this  with  another  method,  ’^he  circling  speed  of  the  satellite 
at  the  perigee  of  the  elliptic  orbit  is  greater  than  the  cjLCfiMr 
1 ar>  speed  at  the  given  distance  from  the  center  of  the  earth.  Ip 
accordance  with  Kepler *s  2nd  lani^  the  speed  of  the  satellite  at 
the  perigee  will  amount  to* 

=3239-^1^*  =9397  km/. 

P 


X'he  speed  of  flight  on  the  surface  of  the  earth  which  amoud^S 
to  11189  ®/s,  at  the  perigee  of  the  orbit  will  be  equal  tos 

s 10919  m/e 


'up  = 


Touring  takeoff  from  the  perigee  the  additional  speed  which 
the  object  must  attain  in  this  case,  will  amount  then  to  only* 

= 10919  - 9397  = 1522  m/s 


'^'hus^  during  takeoff  from  the  perigee  with  an  additional 
speed  of  1522  m/s  there  is  attained  the  same  as  during  takeoff 
from  the  apogee  with  an  additional  speed  that  amounts  to^  howeve^ 
3171  m/s.  the  case  of  talteoff  from  the  perigee  there  is  at- 
tained then  a significant  conservation  (saving^  of  fuel,  although 
the  earth  is  located  closer  and  its  gravity  operates  more  power- 
fully than  at  the  apogee,  Soth  of  these  mentionned  factors  ar©^ 
howevei^  compensated  with  surplus  by  the  significantly  greater 
momentum  which  the  object  has  at  the  perigee. 


ir'AUASUA  OH'  ‘IMK  APOCUifi 


Similarly  paradoxical  relations  arise  v/hen  it  is  desired 
that  the  cosmic  object  which  is  circling  the  earth,  shouid  lanl3 
on  its^'surface.  is  well  known,  one  put^i^J^^c^-motion  in  this 

A ' 

case  the  rocket  engines  in  the  direction  opposite  to  the  direc- 
tion of  motion  around  the  satellite  orbit.  As  a result  of  this^ 
the  speed  of  the  object  undergoes  a small  reduction  and  becoBe^ 
smaller  than  (that)  needed  to  attain  circling  along  the  satelli- 
te orbit,  i‘he  path  of  the  object  thus  undergoes  a bending  in  thjf 
direction  ofthe  earth,  and  finally  there  follows  an  invasion  in- 
to the  denser  layers  of  the  atmosphere.  i‘he  motion  is  subjected 
to  a substantial  braking  action  and  finally  the  object  falling 
by  parachute,  lands  on  the  surface  of  the  planet,  i'he  propellinisf 
materials  are  in  such  a case  nec^^essary  only  for  a small  brakin& 
of  thS°S’B§8ct  and  a bending  of  its  path  in  the  direction  of  th^ 

A 

earth. 


it  is  nec/essary  again  to  reflect  what  is  the  more  advanta- 
geous* braking  by  putting  into  operation  the  rocket  engines  at 
the  perigee  or  at  the  apogee,  i'rom  the  point  of  view  of  experi"^ 
ments  ^experienced  on  earthy  it  appeari^that  the  perigee  must  con- 
stitute the  point  at  which  it  is  more  advantageous  to  carry 
out  the  corresponding  operation.  Averyone^ however^  knows  perfect- 
ly that  it  is  easier  to  jump  down  from  a table  than  frdHa  windcHv 
on  the  second  floor.  In  astronautics  life  experiences  from  the 
surface  of  the  earth  are,  however^ without  significance. 

het  us  assume  that  the  satellite  circles  the  earth  along 


the  orbit  assumed  already  in  the  preceding  reasonings.  After 
th«  starting  -*?  of  the  rocket  motor  in  the  course  of  the  nexr 
cycle  it  is  about  to  carry  out  only  heaf  of  a full  encircling 
of  the  earth,  and  about  to  approach  simultaneously  to  it^u'L 
face  at  a distance  of  only  35  icis*  At  this  height  of  the”condi- 
tion^ed  perigee”  the  atmosphere  of  the  earth  is  already  so  densg" 
that  the  object  which  is  however  moving  along  its  orbit  that  is 
so  slightly  directed  downward  toward  the  surface  of  the  planet- 
-encounters  effective  aerodynamic  resistance.  Precisely  thus 
during  the  return  of  the  rocket  container  from  the  lunar  probe 
’’Siond  5”  this  height  (fX  selected  in  order  to  realize  optioum 

A 

aerodynamic  braking. 


^ne  needs  to  reflect  now  about  how  much  the  speed  of  motioA/ 
at  the  perigee  must  be  decreased  in  order  that  the  object  after 
performing  another  half  cycling  of  the  earth  along  a downv/ard 
reduced  e3  lip^l^^proach  its  surface  at  a distance  of  35  km. 

At  this  height  its  distance  from  the  center  of  the  earth  will 
amount  to» 

r = 6378  + 35  = 6413  icm 


i'he  p-ireiilar  speed  at  the  perigee  of  the  original  orbit  is 
equal  to» 

V = V = 79l3iC?l^  = 7721  m/e 

sp  so  r p o697 


■■tTsing  the  already  used  expressions  we  attain  a value  of  till; 
exit  speed  of  the  object  which  it  must  attain  in  order  to  enter 
an  orbit  which  approaches  the  surface  of  the  esirth  at  a distance 

of  35  hffii 


wp 


a V. 


sp 


2X- 


r ♦ r. 


7721 


,2,r 


6415  ♦ 6697 


a 7637  la/s 


‘■^‘he  speed  of  motion  at  the  perigee,  which  amounts  to  939^/4 
musty  then^  in  order  to  prepare  for  landing,  be  decreased  to  7637 
m/^  and  thus  lay  1760  m/s.  After  carrying  out  a further  circling 
on  half  of  its  orbit  around  the  earth,  the  object  approaches  thjS 
surface  of  the  globe  at  a distance  of  35  fen*  ^ts  speed  of  in^ 
vasion  into  the  atmosphere  at  a height  of  35  hm  will  amount  theH 
Uneglecting^  besides;  the  minute  resistance  of  the  atmosphere 
appearing  during  descent  from  the  satellite  orbit. 


^35P  “ "wp  ^ = 763?. 


j6£az. 

6413 


s 7975  m/s 


1) 


if  moreover,  the  object  is  subject  to  Cabrupt)  braking  at  . 
the  apogee  of  the  original  orbit,  the  exit  speed  on  the  orbit  of 
descent  to  the  surface  of  the  earth  at  a distance  of  35  h®  must 
amount  to^ 


r - Y 

wa  “ say  r ♦ r 


= 4568V  6413  ♦ 19134  « 3237  m/e 


‘1‘his  speed  is,  ho  we  ver,  smaller  only  by  52  m/s  than  the  spe^ 
of  circling  along  the  satellite  orbit  at  the  apogee  which  amo.u^li^ 
to  3289  m/s.  •‘■he  rocket  motor  must  then  decrease  the  actual  spet.'^' 
of  the  object  only  by  52  m/s. 


if  one  then  initiates  the  operation  of  landing  at  the  apo- 
gee at  a height  of  12756  km  by  the  initial  braking  on  the  satel- 
lite orbit  one  needs  less  than  1/33  parts  of  that  energy  that 
is  nec^essary  during  initial  braking  at  the  nearest- to- the*«art<^ 


poiat  of  the  orbit,  at  a height  of  only  II9  km. 


Actually  during  the  initial  return  at  the  apogee  the  speed 
of  invasion  to  a height  of  35  hm  will  amount  to* 

19134 

= 3237— rrrr—  = 9659  km/s 


’35a  - T - 6413 

and  thus  will  be  greater  by  I684  lo/a  than^SuJ^Hg®ll§l  SfigiA/AL. 
braking  at  the  perigee,  J-hia  does  not  have,  however,  any  greater 
significance,  since  after  invasion  into  the  atmosphere  further 
braking  happens  without  consumption  of  propulsive  materials,  anD 
only  due  to  the  resistance  of  this  atmosphere,  S^ven  however  in 
the  case  where  iHCre  weren't  any  of  it  and  furthei  braaking  of 
the  fall  from  a height  of  35  km  onto  the  surface  of  the  planet 


v/ould  have  to  happen  in  the  presence  of  use  of  the  rocket  motor 


the  total  consumption  of  propulsive  materials  during  the  return 
from  the  apogee  would  be  less  than  from  the  perigee. 


‘i‘Uj£  PiUiAl;OA£&  OF  i'Hji;  PjilKlHihulUH  mD  aPHiblldi'i 


'I'he  aerodynamic  phenomena  appearing  at  the  perigee  and  apo- 
gee exist  not  only  in  relation  to  the  earth,  but  appear  in  thjT 
case  of  every  other  heavenly  body  that  constitutes  the  central 
body  of  a dynamic  system,  ^specially  interesting  such  phenomena 
exist  in  the  solar  system,  when  the  sun  appears  in  the  role  of 
the  central  body  of  the  system,  and  the  cosmic  object  finds  it- 
self under  the  action  of  the  gravitational  fields  of  the  earth 
and  the  sun,  ^ situation  of  this  type  taltes  place  in  the  case 
of  the  determination  of  the  speed  cf  an  object  which  is  about 
to  abandon  the  solar  system  for  ever. 


10 


xhe  eccentricity  of  the  elliptic  orbit  of  the  earth  around 
the  6unj|.s  the  reason  for  the  noft-uniform  speed  of  its  circling 
motioa.  ^n  January  our  planet  passes  thru  the  point  of  its  ortdT 
closest  to  the  sun— the  perihelion.  Then^  however,  the  speed  of 
motion  of  our  «lobe  is  least.  Correspondingly^ in  July  this  apeod 
is  greatest^ since  then  the  earth  passes  the  point  of  its  orbit 
most  distant  from  the  sua— its  aphelion. 


■the  speed  of  the  gradual  motion  of  the  earth  at  the  perihe- 
lion  amounts  to* 


w s r 
P 


1 - e 


where  w is  the  average  speed  of  motion  of  the  earth  along  its 

orbit  around  the  sun?,  equal  to  29»766  km/s,  where  e a 0.01 63? 

constitutes  the  eccentricity  of  this  orbit.  If  we  substitute 

the  given  values  into  the  expression,  there  is  obtained  the  vaiUflc 

of  the  gradual  speed  of  motion  of  the  earth  at  the  peribclic® 

w = 30*268  km/s.  ^t  the  aphelicaa,  moreover  the  speed  of  this 
P 

motion  amounts  toi 


w„  = w \| 
a I 


1 ♦ e 


29*272  km/s 


An  object  sent  out  from  the  earth  which  is  about  to  leave 
the  solar  system  for  ever,  must  have  an  absolute  minimum  speed 
of  42*^1.51  km/s.  i’his  does  not  mea^  however,  completely  that  the 
rocket  motor  must  add  this  v/hole  speed  to  the  object.  Ihe  take- 
off, howeveiy  is  about  to  happen  from  the  earth**“a  body  which  is 
circling  the  sun  and  which  has  alone  already  a definite  precise 
speed  of  gradual  motion  with  respect  to  the  central  star  of  th0" 
system.  i‘he  cosmic  object  must  then  attain  only  an  additional 
speed  that  constitutes  the  difference  between  the  minimum  speed 
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of  flight  from  the  solar  system,  and  the  speed  of  circling  of 
the  earth  around  the  sun,  At  the  periheli^  this  difference 
amounts  to*  42*451  " 30*268  s 12*183  km/a*  ^inee, however^  at  the 
aphelionthe  speed  of  gradual  motion  of  the  earth  amounts  c,,^y 
to  29*272  kra/s,  the  consumption  of  propulsive  materialain  the 
case  of  the  sending  out  of  an  object  beyond  the  solar  system 
from  the  periheliS6«  of  the  orbit  of  our  planet  is  less,  in  spitf 
of  the  more  powerful  action  of  the  force  of  gravity  of  the  sun. 

An  analogous  situation  appears  when  there  is  taken  into  con- 
sideration here  also  the  gravitational  attraction  of  the  earth, 
‘f'he  speed  of  flight  from  the  earth  into  infinity  the  so-cai«. 
led  "third  cosmic  velocity",  which  the  object  must  attain  that 
takes  off  from  the  surface  of  our  planet,  amounts  to,  at  the 
halion  —at  the  beginning  of  July—  to  16*758  km/s,  at  the  peri- 
helion—at  the  beginning  of  January—  to  16*541  kov^s.  ‘i‘he  thirp 
cosmic  speed  increases,  considering  this,  in  the  first  half  yeal^ 
gradually  by  215  only  to  decrease  to  its  original  value  in 

the  course  of  the  next  half  year. 

if  it  is  desired  that  an  object  taking  off  from  the  earth 
should  reach  the  sun  by  a simple  path,  one  needs  to  add  to  it 
a specific  substantial  velocity  (sneed)  which  let  us  designate 
here  as  the  "solar  cosmic  speed"  ^ . In  a flight  of  this  type 
the  object  must  not  only  overcome  the  force  of  the  earth's  gra- 
vity, but  also  be  additionally  so  accelerated  that  the  componehT 
of  its  velocity  added  to  it  by  the  circling  motion  of  the  earth 

undergoes  neutralization.  Aince  the  component  there,  as  already 
specified,  is  greater  at  the  perihelium  than  at  the  aphelium, 


also  for  these  two  points  one  obtains  different  magnitudes  for., 
the  solar  cosmic  speed.  If  one  talces  into  consideration  the  for- 
ce of  gravity  of  the  earth,  then  at  the  perihelion  this  speed 
amounts  to  32.270  km/e  and  at  the  aphelion,  moreover,  it  is  less 
by  0.932  knv's. 


I'hus^lesE  energy  needs  to  be  consumed  in  order  to  throw  an 
object  out  onto  the  sun,  when  the  earth  is  most  distant  from  tlyf 
sun,  than  v/hen  it  is  at  the  least  distance  from  it.  ihe  solar 
cosmic  speed  decreases  in  the  course  of  the  first  half  year,  thtT 
third  cosmic  spee(^  howevej^  increases,  in  the  second  heif  year 
the  situation  is  reversed. 


i‘he  instances  of  paradoxes  of  the  perehelion  and  the  aphS’- 
lion  show  that  the  third  and  solar  cosmic  speeds  to  some  extent 
depend  on  the  season,  ^n  every  day  life  the  changes  of  the  sea- 
sons are  noted  in  the  changes  of  v/eather  and  vegetation,  in 
astronautics— in  chsinges  in  the  orbital  speed  and  distance  of 
the  sun  from  the  earth. 


'i'hc  magnitudes  of  the  third  and  solar  cosiuic  speeds  for 
other  planets  of  the  solar  system  also  change  vdth  their  circling 
around  the  central  star  of  the  system,  and  thus  in  the  course 
of  the  elapse  of  their  planetary  year.  J'or  some  of  these  planets 
the  anual  variations  of  the  corresponding  speeds  are  small,  for 
others^  for  instance  for  **ercury-- considerable.  On  precisely 
planet  the  third  cosmic  speea  changes  in  the  course  of 

the  i'iercury  half-year,  that  lasts  earth  t2i}-  hour;  days,  frai. 
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2iJ.2  kffi/s  to  barely  1?.5  ka/s,  wliile  in  tiiis  same  time  the  solaR 
cosmic  speed  increases  from  58.1  km/s  up  to  59*1  km/e. 


Thus  at  last  we  can  draw  a paradoxical  final  conclusion, 
that  one  can  more  easily  penetrate  onto  a heavenly  body  fro» 
the  apocentrum  of  the  circulating  orbit  surrounding  it, 
and  thus  from  the  most  distant  point  from  it,  than  from  the  clo- 
sest point  —the  pericentrum.  Moreover,  from  the  point  of  the 
earth ‘s  orbit  closest  to  the  suur-the  periheligfc,  where  the  for- 
ce of  gravitatioal  attraction  of  this  star  is  greatest  one  can 
more  easily  extricate  himself  beyond  the  solar  system  than  frc© 
the  apheli^>at  which  the  earth  is  most  distant  from  it* 
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HI  XHJii  *i^lT(JiiXAL  ;>£Aii'F 


1 . -i-n  practice^  invasion  into  the  atmosphere  follows  at  mo- 

re or  less  around  120  km,  and  the  maximum  braking  happens  on  th^ 
section  of  the  path  within  distances  of  around  30-90  km  from  this 
surface  of  the  earth*  In  the  article  we  are  concerned^ however^ 
not  about  details  of  the  course  of  the  operation  of  the  corres- 
ponding changes  of  the  orbit  and  its  factual  coursSy but  about 
the  more  general  problem  of  certain  paradoxes  of  astrodynamics. 
■inuring  practical  realization  of  the  return^  it  often  is  importanT^ 
however^  that  the  invasion  into  the  atmosphere  should  occur  witlri 
the  very  least  speed,  especially  in  the  case  of  flights  with  crews. 

2*  nere  we  are  concerned  v;ith  a flight  vdthin  the  limits 

of  the  galaxy,  to  wliich  the  sun  belongs*  in  order  to  abandon  thpf 
galaxy^  one  needs  during  the  takeoff  from  the  earth,  to  add  to 
the  object  a greater  speedy  called  the  "fourth  cosmic  speed"  iho 
absolute  value  of  this  speed  Welocity^  amounts  to  350  km/s* 
^xploiting^ howeve^  the  speed  of  the  motion  of  the  sun  with  res- 
pect to  the  center  of  mass  of  the  galaxy,  it  is  sufficient 
xxxxx  that  the  object  attain  at  the  talceoff  from  the  earth  a 
speed  of  only  around  130  kii/s, 

3*  i'he  author  gives  this  speed  the  namoS-  "fourth  cosmic 

speed"  in  order  not  to  confuse  it  with  the  speed  mentionned  in 
note  fi^2.  that  is  indispensible  for  leaving  the  galaxy,  we  have 
accepted  here  the  term  "solar  cosmic  speed"* 


(callouts  next  page) 
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V ;■  «•■ 

(diagrara  calloutsMpg  ^5^ 

la  paradox  of  the  perigee;  1b  paradox  of  the  apogee,— re tu-fev 
from  the  perigee  1 c paradox  of  the  apogee  return  from  the 
apogee  1--  earth  2-  equatorial  radius  of  the  earth  rQ  = 6378hM 
3*-  orbit  of  the  satellite  apogee  h^  » 12756  km  6-iarge 

semi-»axisof  the  elliptic  orbit  a=12915  km,  7~  small  axis  of  th^.- 
elliptic  orbit  2b  = 226^0  km  8--  speed  of  the  satellite  at  the. 

9-  second  cosmic  speed  at  the  apogee 
10-  speed  of  departure  at  the  apogee  v^^aSlTl  a/s 
parabolic  orbit  ((of  flights  at  the  apogee  1^- 


apogee  v = 3289  m/s 

6L 

V = 6460  m/s 


oa 

speed  of  the 

satellite  at  the  perigee  = 9397  ®/s  13*  the  second  cosmic 

= 10918  m/s 


Y^p  s 1522  m/s  15“  parabolic  orbit  ((of  fli^l^ 
1^  conditioned  height  of  the  perigee  35  km 


14“-  speed  of  departure 


speed  at  the  perigee 
at  the  perigee 
at  the  perigee 

17-  exit  speed  from  an  orbit  around  the  earth  at  the  perigee 
18—  retrograde  speed  at  the  perigee  added  by 

19-  speed  of  invasion  int 
the  dense  layers  of  the  atmosphere  during  return  from  the  perig 
gee  s 7975m/s  20-  half  elliptic  orbit  during  ret^un 

fro.,  the  perigee  21-  half  elliptic  orbit  during  return  from 
the  apogee  22-  exit  speed  from  an  orbit  around  the  earth  at 

the  apogee  = 3237  m/s  23"  retrograde  speed  at  the  apogee 
added  by  the  object's  rocket  motor  52  m/s  24-  speed  of  invasLciil 
into  the  dense  layers  of  the  atmosphere  during  return  from  the 
apogee  = 9659  m/s 


Y^p  = 7637  m/s 
the  object's  rocket  motor  1760  m/s 


ftd-id(rs) 1-0469-77 


i’lli.  xii  0469-77 


callouts  next  page 


• i . 

fr.  ' 

2.  a.  Paradoks  aphelium, 
lb.  Paradoks  peryhelium 

1 — SloAce,  2 — orblta  Ziemi,  3 — Ziemia  w very- 
helium,  4 — Ziemia  w aphelium,  5 — odlegioid  Ziemi 
od  SloAca  to  peryhelium  147  min  km,  6 — odlegloid  Zie- 
mi od  SloAca  to  apheHum  152  min  km,  7 — pr^dkoii 
postfpowa  Ziemi  to  peryhelium  Wf=30,268  km/e,  8 — 
prfdkoid  postfpotoa  Ziemi  to  ophellum  «,-29^72  km/e, 
9 — prfdkoii  paraboliczna  (ucieczki)  tozgl^dem  SloAca 
w peryhelium  42,451  km/e,  10  — pr^dkoid  paraboliczna 
(ucieczki)  tozglcdem  Slortco  io  aphelium  41,747  km/e, 
11  — rdinica  mifdzy  prfdkofciq  parabolicznq  (ucieczki) 
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3A  I 

a pr^dkoSciq  poelfpotoq  to  peryhelium  12,183  km/e,  12  — 
rdinica  mi^dzy  prtdkoiciq  parabolicznq  (ucieczki)  a pr(d- 
kofciq  postcpotoq  to  aphelium  12,475  km/e,  13  — trzecia 
prfdkoid  koemiczna  to  peryhelium  10,541  km/e,  14  — 
trzecia  prfdkoii  koemiczna  to  aphelium  16,75S  km/e, 
15  — orbita  paraboliczna  odlotu  poza  Uklad  Sloneczny 
z peryhelium,  10  — orbita  paraboliczna  odlotu  poza 
Uklad  Sloneczny  z aphelium,  17  — eloneczna  prqdko^ 
koemiczna  to  peryhelium  32,270  km/e,  18  — eloneczna 
prfdkoid  koemiczna  to  aphelium  31,388  km/e,  19  — proety 
tor  ku  SioAcu  z peryhelium,  20  — proety  tor  ku  SloAcu 
z aphelium. 


(rtiagraiB  callouts  ps  ^6)  t-„_, 

2a  - ..aradox  of  the  aphellum  2b-  Paradox  of  the 
l!  sun  a-  orbit  of  the  earth  > the  earth  at  the  perlh 

helium  Ihellon)  4-  the  earth  at  the  aphellum  5- 

the  earth  from  the  sum  at  the  perihelrum  H7  mla  am 

tanee  of  the  earth  from  the  aua  at  the  aphellM  5 

7-  gradual  speed  of  the  earth  at  the  perihelium 

S-.  gradual  speed  of  the  earth  at  the  aphelium  - • s 

9-  parabolic  speed  Cvel)-.<pf  fligiit]  wii;n  p 

the  perlhellum  42.451  hm/s  10-  parabolic  speedlof  lUght| 
elth  respect  to  the  sun  at  the  aphellum  41.747  iWs 
11-  difference  between  the  parabpllc  speed  ((of  flight) 
the  gradual  speed  Uf  the  earth,  at  the 

,2-  difference  between  the  parabolic  speedflof  flight^  and  the 

^adual  speed  at  the  aphellum  12.475  hm/a  1>  third  cosmic 

^ , nu  If:  vm/s  14-  tiiird  cosiiiic  speed 

speed  at  the  periheliuia  16.541  Ws  14  ^ 

at  the  pahellum  16.756  hm/s  15-  parabolic  object  of  dep« 

beyond  the  holer  hystem  from  the  perlhellum  16-  paraholic 

bit  Of  departure  beyond  the  Solar  Syatem  from  the  apheUum 

,7-  solar  cosmic  speed  at  the  perlhellum  ^2.270  iWs 

,8-  solar  cosmic  speed  at  the  aphellum  51.538  Ws 

19-  simple  path  towards  the  sun  from  the  periholium 

20- -  simple  path  towards  the  sun  from  the  aphellum 
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